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Iff This is a request for filing a continuation application under 37 CFR § 1.53(b) of Serial No. 08/619,157, filed on MARCH 21, 
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application introduced new matter therein.) The continuing application is as follows: 15 pages of specification, 13 
claims, 1 page of abstract, 1 sheets of drawings, and 2 pages of oath or declaration. 



M The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied, is considered 
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Cancel original claims 2, and 9-13 of this application before calculating the filing fee. (At least one original 
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□ A Verified Statement that this filing is by a small entity is already filed in the prior application. 

□ A Verified Statement that this filing is by a small entity is attached. 

^ Payment of fees: 

M Attached is a check in the amount of $760.00. 

□ Please charge Deposit Account No. 13-2725. 

g] The Commissioner is hereby authorized to charge any additional fees as set forth in 37 CFR §§ 1.16 to 1.18 which 
may be required by this paper or credit any overpayment to Account No. 13-2725. 

1^ Amend the specification by inserting before the first line the sentence: 

"This application is a Continuation of application Serial No. 08/619,157, filed March 21, 1996, which 
application(s) are incorporated herein by reference." 

□ A set of formal drawings ( sheets) is enclosed. 

M Priority of application Serial No. 9203 120, filed on March 16, 1992 in France, is claimed under 35 U.S.C. 1 19. 

□ The certified copy has been filed in prior application Serial No. , filed . 

El The prior application is assigned of record to CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE 
INSTITUT GUSTAVE ROUSSY located at PARIS, FRANCE. 

13 The Power of Attorney in the prior application is to: 

Merchant, Gould, Smith, Edell, 

Welter & Schmidt, P.A. 
3100 Norwest Center 

90 South Seventh Street 
Minneapolis, MN 55402-4131 
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12. El 

13. □ 

14. S 

15. M 

16. M 



A preliminary amendment is enclosed. (Claims added by this amendment have been properly numbered 
consecutively beginning with the number next following the highest numbered original claim in the prior 
application.) 

Fee for excess claims is attached. 

A petition and fee has been filed to extend the term in the prior application until December 3, 1998. A copy of the 
petition for extension of time in the prior application is attached. 

The inventor(s) in this application are less than those named in the prior application and it is requested that the 
following inventors identified above for the prior application be deleted: 

Also Enclosed: Declaration of Majid Mehtali 

Address all future communications to the Attention of Mark T. Skoog (may only be completed by attorney or agent 
of record) at the address below. 

A return postcard is enclosed. 



Respectfully submitted, 



MERCHANT, GOULD, SMITH, EDELL 
WELTER & SCHMIDT, PA. 
3100 Norwest Center 
90 South Seventh Street 
Minneapolis, Minnesota 55402 
(612)332-5300 
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CERTIFICATE TINDER 37 CFR 1.10: 

"Express Mail" mailing label number ELI 19857291US 

Date of Deposit: DECEMBER < . 1998 

I hereby certify that this correspondence is being deposited with the United States Postal Service "Express Mail Post Office to 
Addressee" service under 37 CFR 1 . 10 on the date indicated above and is addressed to Assistant Commissioner for Patents, 
Washington, D.C. 20231. 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to examination on the merits Applicants offer the following amendments and 
remarks. 



1 . (Amended) [Recombinant nucleic acid containing, on the one hand] An 
adenoviral vector comprising a genomic sequence of an adenovirus [which] wherein said 
genomic sequence: 

(a) is defective in that [it] said adenovirus lacks [the sequences] a sequence needed 

for its replication, but which [nevertheless] contains those sequences which[, in this genome, are 
the carrier of the] carry genetic information needed for the corresponding adenovirus to enter 
[the] cells [which the latter] which adenovirus is capable of infecting[, as well as the]; 

(h\ comprises a set of essential sequences needed for encapsidation of [this] said 
adenovirus[,]; and [on the other hand] 



By: C, 

Name: -f 




PRELIMINARY AMENDMENT 



In the Claims 



(c) comprises an insert containing a nucleic acid sequence coding for a cytokine, 
[this] wherein said insert [being] is under [the] control of [a] an endogenous or heterologous 
promoter [present in or previously inserted into the above-mentioned genomic sequence.];_and 

wherein said adenovirus vector lacks the transactivators E1A and E1B and the E3 region 
of the adenovirus. 

3 . (Amended) [Recombinant nucleic acid] The adenoviral vector according to claim 
1, [characterized in that] wherein the genomic sequence of the adenovirus lacks its 5' end region 
downstream of the early promoter of the El A region of the adenovirus, and [in that] wherein the 
nucleic acid sequence coding for the cytokine is placed under the control of this early promoter. 

4. (Amended) [Recombinant nucleic acid] The adenoviral vector according to claim 
1 [or claim 2], [characterized in that] wherein the nucleic acid sequence coding for the cytokine 
is placed under the control of an adenovirus late promoter. 

5 . (Amended) [Recombinant nucleic acid] The adenoviral vector according to claim 
1 , [characterized in that] wherein the genomic sequence of the adenovirus [is provided with] has 
heterologous a promoter [foreign to the adenovirus genome,] and [in that the] wherein said 
nucleic acid sequence coding for the cytokine is placed under the control of [this] said [foreign] 
heterologous promoter. 

6. (Amended) [Recombinant nucleic acid, characterized, either in that the] An 
adenoviral vector comprising a nucleic acid insert [contains] containing sequences coding for 
several cytokines, or [in that it contains] containing separate nucleic acid inserts coding for 
different cytokines wherein said nucleic acid inserts are placed, [respectively,] under the control 
of separate promoters[, which are also separate]. 

7. (Amended) [Defective] A defective adenovirus, [characterized in that it contains] 
com prising the [recombinant nucleic acid] sequence according to [any one of claims 1 to 6] ciahn 
1. 
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8 . (Amended) A cell culture [Culture of cells, in particular of human origin, 
characterized in that they are] infected with the [adenovirus] adenoviral vector according to claim 
[7] I. 

REMARKS 

Entry of the foregoing and favorable reexamination and reconsideration of the subject 
application, as amended, pursuant to and consistent with 37 C.F.R. § 1.112, and in light of the 
remarks which follow, are respectfully requested. 

In the Advisory Action dated August 4, 1998, the Examiner maintained the rejection of 
claims 1 and 3-8 under 35 U.S.C. § 103(a) as being unpatentable over Rosenfeldet al. taken with 
Russell, Ramshaw et al. and Stratford- Perricaudet et al. 

In rendering this rejection, the Examiner purports that Rosenfeld et al. and Stratford- 
Perricaudet et al. teach the defective adenoviral vector of the present invention which lacks the 
transactivators El A and E1B and the E3 region of the adenovirus. According to the Examiner, 
Russell provides the motivation to combine cytokines with alternate viral vectors for the 
treatment of cancer and Ramshaw et al. teaches the combination of an adenoviral vector 
containing genes encoding lymphokines. Therefore, the Examiner asserts that a skilled artisan 
would search for a new viral vector system to insert a gene coding for a cytokine for use in 
cancer therapy by the teachings of Russell, arrive at the teachings of Ramshaw et al. wherein the 
combination of an adenoviral vector and cytokine is taught and modify that vector to delete the 
El region. 

However, Applicants submit that the Examiner's reliance on the primary reference of 
Rosenfeld et al. could only be through hindsight. To select among all of the vectors known in the 
art as of the filing date of the present invention and deem that an adenoviral vector would work 
could only be accomplished with the Applicants' claims in mind. Applicants further submit that 
a skilled artisan would start with the teachings of Russell, which suggests the use of other vectors 
in conjunction with a cytokine for cancer therapy, then proceed to Ramshaw et al. which teaches 
a variety of viral vectors containing a nucleotide sequence encoding a cytokine and then further 
proceed to alter this vector via the teachings of Rosenfeld et al. for cancer therapy since 
Stratford- Perricaudet et al. teaches many uses for these vectors. 

However, Applicants submit that there is simply no guidance nor any expectation of 
success given to the skilled artisan to choose the presently claimed vector from those known in 
the art to treat tumors in vivo. Indeed, the problems associated with treating tumors are different 
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from the problems associated with treating a gene deficiency as will be discussed more 
extensively below. 

First of all, it is well known in the case law that to prove a prima facie case of 

obviousness, not only a suggestion to modify is required in the combination of prior art 

references, but also there must be some suggestion in the combination of the prior art references 

of an expectation of success or the desirability of the combination . See, In re Dow Chemical 

Co., 837 F.2d 469, 5 USPQ2d 1529 (Fed. Cir. 1988) and Also Standard Corp. v. Tennessee 

Valley Authority, 808 F.2d 1490, 1 USPQ2d 1337 (Fed. Cir. 1986). This is clear from In re Dow 

Chemical Co., supra where the court stated the following: 

The consistent criterion for determination of obviousness is whether the prior art 
would have suggested to one of ordinary skill in the art that this process should be 
carried out and would have a reasonable likelihood of success, viewed in light of 
the prior art . . . Both suggestion and the expectation of success must be founded 
in the prior art, not in the applicant's disclosure . . . 

S3 Therefore applying the above to Russell, it can be said that this reference does not suggest 

S any expectation of success or desirablity to use defective viral vectors expressing a cytokine to 

f ; treat tumors. Rather, Russell discourages, as Applicants have previously pointed out, the use of 

RJ this type of vector and appears to encourage competent viral vectors. 
^ It is clear in the case of In re Dow Chemical Co., supra, that negative teachings of the 

H= belief that the invention could not be made were also considered pertinent to the court. More 

p specifically it was held that: 

m the PTO erred in rejecting as prima facie obvious in view of the prior art the 

CI subject matter of the claims under reexamination relating to an impact resistant 

K rubber-based resin having improved resistance to heat distortion; the prior art 

reflected a belief that the claimed products could not successfully be made by the 
use of the processes in the references cited as the basis for the rejection; the PTO's 
theory that one of ordinary skill would have found it "obvious to experiment" with 
the referenced processes is not a proper standard for obviousness (emphasis 
added). 

Although Russell teaches the skilled artisan that genetic cytokine therapies and viral 
vector-mediated delivery was in the forefront, this reference also teaches that large hurdles had 
to be overcome prior to accomplishing this form of therapy. Furthermore, Russell suggests that 
defective viral vectors would not be successful when he clearly states: 

However, it is difficult to imagine how the problem of access to poorly 

vascularized tumour regions could be overcome except by the use of replication 

competent viruses . . . 
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This teaching also has to be considered and cannot be ignored, even though there is a 
general teaching that the feasibility of tumour targeted lymphokine gene therapy may be 
promising depending on whether a suitable vector can be found. 

Even if a skilled artisan would look for alternative vectors that may be successful to treat 
tumors in vivo why would a skilled artisan choose an adenoviral vector when other vectors were 
known in the art? 

For example, Ramshaw et al. teaches that several different types of vectors were known 
in the art at the critical filing date of the present invention. The disclosed vectors include 
vaccinia virus vectors, adenovirus vectors, poxvirus vectors, herpes virus vectors or bacterial 
vectors. Ramshaw et al. teaches in the examples, recombinant viral vectors encoding a cytokine 
gene using competent vaccinia virus, as well as a competent adenovirus. There is no suggestion 
that the adenovirus vector taught in Ramshaw et al. has any superior qualities over the vaccinia 
virus vector. In fact, all of the scientific data to illustrate that the invention works is done with 
the vaccinia virus. 

Therefore, there is no suggestion to the skilled artisan that a competent adenoviral vector 
is more desirable to treat tumors in vivo. Nor is there any suggestion to modify the adenoviral 
vector of Ramshaw et al. to exclude the El region. 

The Examiner relies on Rosenfeld et al. to deem that a skilled artisan would proceed to 
modify further the vector of Ramshaw et al. to delete the entire El region due to the following 
statement therein: 

Most human adults have antibodies to one of the three serogroup C adenoviruses 
to which Ad5 belongs (5). This implies little risk for those working with these 
vectors but may have negative implications for the virus as a gene transfer vector 
in the human lung. If such problems are encountered, alterations in the vector 
construct may be helpful. 

Thus, the Examiner maintains that since it was known in the art that the El region is 
responsible for replication, the skilled artisan would delete this entire region. 

Applicants disagree with the Examiner's interpretation of this teaching in Rosenfeld et al. 
This paragraph basically teaches the skilled artisan that due to the fact that most human adults 
have antibodies to adenoviruses, repeated administration of the vector may result in the 
antibodies "killing" the administered adenovirus and hence leaving the vector ineffective for 
therapeutic purposes, but having little risk for those working with the virus. Thus, in case the 
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adenovirus is "killed" by antibodies, Rosenfeld et al. suggests that by altering the vector construct 
may be helpful to solve this problem. 

Altering does not necessarily mean deleting, as the Examiner suggested. Rather this 
definition means basically to change the adenoviral construct. However, no suggestion of how to 
change the construct is set forth in Ramshaw et al. nor Rosenfeld et al. 

The Examiner's contention that the skilled artisan would interpret this suggestion to mean 
to delete the entire El region would in fact probably no solve the problem concerning the 
"killing" of the adenovirus via human antibodies, since the El regions, is not within the capside 
of the virus. Therefore, the skilled artisan would not be lead to delete the entire El region, as the 
Examiner maintains by the teachings of Rosenfeld et al. 

Stratford- Perricaudet et al. fail to teach or suggest using an adenoviral vector to treat 
tumors in vivo. Rather, this entire reference suggests the use of adenoviral vectors to treat gene 
deficiencies. 

Thus, the combination of references does not suggest to the skilled artisan to use the 
claimed defective adenoviral vectors to treat tumors in vivo. The only cited reference of record 
that teaches tumor therapy is Russell and this reference encourages the use of competent viral 
vectors and teaches away from the use of defective viral vectors. 

Enclosed is a Declaration executed by Majid Mahtali that details more of the points set 

forth above. 

Therefore, in view of the above, withdrawal of this rejection is respectfully requested. 
From the foregoing, favorable action in the form of a Notice of Allowance is respectfully 
requested and such action is earnestly solicited. 



Respectfully submitted, 



MERCHANT, GOULD, SMITH, EDELL 
WELTER & SCHMIDT, P.A. 
31 00 Norwest Center 
90 South Seventh Street 
Minneapolis, Minnesota 55402 
(612) 332-5300 c -^___^ r~\ 
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WO 93/19191 PCT/FR93/00264 

DEFECTIVE RECOMBINANT ADENOVIRUSES EXPRESSING 
CYTOKINES FOR ANTITUMOR TREATMENT 
Cytokines are molecules (hormones) produced by- 
cells following an antigenic stimulation or an activation 
5 by other factors. The first cytokine which will has been 
produced is interleukin-1 (11-1) . It permits activation 
of the T cells which, in turn, start producing a 
whole battery of lymphokines , some of which are essential 
for the activation of the immune system and the defenses 
10 against viral or parasitic infections. 

For some years , cytokines have been used in 
anticancer immunotherapy. Nevertheless, when they are 
administered systemically, a number of problems arise. 
11-2, for example, produces quite substantial side effects. 
15 it is rapidly metabolized, so that high doses have 

to be administered repeatedly. 

Better administration routes which would increase 
their efficacy while decreasing their adverse effects are 
hence being sought. 
20 The subject of the invention is hence defective 

recombinant adenoviruses expressing one or more cyto- 
kines, as well as the use of these recombi n a n t adenoviru- 
ses for making up pharmaceutical compositions, in par- 
ticular antitumor compositions, more especially compos i- 
25 tions which can be injected directly into solid tumors of 
the host. 

The subject of the present invention is defective 
recombinant adenoviruses, characterized in that they 
contain a defective, non-replicable adenovirus genome 
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into which one or more nucleic acid sequences coding for 
one more cytokines, in particular lymphokines , are 
inserted under the control of one or more promoters 
capable of being recognised by the polymerases of human 
5 cells, more especially of human tumor cells or of cells 
infiltrating these tumors. 

The invention relates more especially to recombi- 
nant nucleic acids capable of being used for the produc- 
tion of such defective recombinant adenoviruses. 

10 Such a recombinant nucleic acid is characterized 

in that it contains , on the one hand a genomic sequence 
of an adenovirus which is defective in that it lacks the 
sequences needed for its replication, but which neverthe- 
less contains those sequences which, in this genome, are 

15 the carrier of the genetic information needed for the 
corresponding adenovirus to enter the cells which the 
latter is capable of infecting, as well as the set of 
essential sequences needed for encapsidation of this 
adenovirus, and on the other hand an insert containing a 

20 nucleic acid sequence coding for a cytokine, this insert 
being under the control "of a promoter present in or 
previously inserted into the abovementioned genomic 
sequence . 

Adenoviruses, in particular type 2 or 5 adeno- 
25 viruses capable of infecting humans (or human adeno- 
viruses) , or alternatively serotype 4 and 7 adenoviruses, 
represent especially preferred vectors in the context of 
the present invention, on account, in particular, of the 
large size of the foreign DNA fragment which it is 



possible to insert into the genome of these viruses* 

Advantageously the abovementioned nucleic acid 
insertion sequence (s) , coding for one or more predeter- 
mined cytokines, are contained in a defective adenovirus 
genome lacking the essential nucleotide sequences needed 
for replication of these adenoviruses, and more especi- 
ally the transactivators E1A and E1B and, where appropri- 
ate, the £3 region of the adenovirus, or alternatively 
its El and E3 regions. 

In other words , the invention turns to good 
account the capacity of these defective recombinant 
adenoviruses to allow the insertion sequence they contain 
to be expressed in the cells they invade even when, on 
account of their defective character, they do not multi- 
ply therein. In other words, the objective of the inven- 
tion is to cause cytokines to be secreted actually within 
the cells of the tumour to be treated (tumor cells 
themselves and cells, in particular lymphocytes, which 
infiltrate these tumors) when these cells have been 
infected with these defective adenoviruses, especially 
when the latter are injected directly into the tumor. The 
cytokines produced will thus activate first and foremost, 
in situ, the cytotoxic cells infiltrating the tumor and 
those present in proximity to the tumor. 

Regarding the sequence for insertion into the 
defective recombinant adenovirus genome, this may be 
chosen from all those which express a cytokine capable of 
exerting either a direct antitumor effect, or an activat- 
ing effect on immunocompetent cells of the body, or both 
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together* 

Among these cytokines, the following may be 
mentioned as examples: IL-1, IL-2, IL-3, IL-4, IL-5, 
XL- 6, a interferon, y interferon, tumor necrosis factor 
5 alpha (TNFor) ( [same term din French] ) . 

The same recombinant adenoviruses may also be 
used in the case of certain diseases in which there is an 
immune deficiency and in the case of certain parasitic or 
viral disaeases, especially y, a interferon and/ or GM- 
10 CSF) , in particular by administration systemically or via 
cells, preferably human cells, taken in a state that 
allows them to be injected into humans, these cells 
having previously been infected with a recombinant 
. defective adenovirus according to the invention* 
15 The properties of some of these cytokines are 

recalled below. 
Inter leukin-1 (IL-1) : 

This is produced essentially by activated 
macrophages and monocytes. Its molecular weight is 
20 approximately 17 kilodaltons. It displays several acti- 
vi ties , including : 

a) a chemoat tractive action on polymorphonuclear 
cells and macrophages (1, 2), 

b) an increase in the cytotoxic activity of 
25 spontaneous cytotoxic (natural killer or Nk cells) , 

c) an induction of fever following an infection, 

d) most especially, the activation of T cells for 
the production of other factors. 



- 5 - 

Interleukin-2 (IL-2) , Interleukin-4 (XL-4) anrf 
Interleukin-5 (IL-5) ; 

These are produced by activated T lymphocytes . 
The action of these cytokines is restricted to cells of 
5 the immune system, they cause their multiplication and 
their activation: IL-2 and IL-4 have been tested in 
antitumor immunotherapy in mice and in man. In mice, they 
act synergistically and cause tumor regression. 
Interleukin-6 (IL-6) 
10 This is produced by many cell types including T 

lymphocytes, macrophages, fibroblasts, etc. It induces 
the final differentiation of B lymphocytes , which become 
antibody producers. 

Tumor Necrosis Factor a (TNFaf) ( Tsame term in French]): 
15 This is a factor produced by macrophages. It has 

a dual action: a direct action on tumor cells causing 

their lysis and an activation of the immune system. 

The use of TNFa in man must be carried out 

cautiously since a large number of cells possess the 
20 receptor for it: which accounts for the importance of 

inducing its secretion only locally, actually within the 

tumor, to limit its adverse effects on the other cells of 

the host. 

Interleukin-3- (IL-3) , Interleukin-7 (IL-7) and Colony 
25 gi-TTtmi atina Factor (CSF) . 

These are hematopoietic growth factors . They are 
produced essentially by lymphocytes, monocytes and 
macrophages. They act at different levels of hematopoie- 
sis, that is to say of the different stages of 
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differentiation of marrow cells to blood cells. In 
addition, CSF exerts very substantial effects on the 
body's primary defences as regards the bacterial 
defences, luring the macrophages to the sites of infec- 
5 tion and increasing their capacity for phagocytosis* 

In combination with IL-2 and IL-4, (31- CSF proves 
to be an important antitumor factor. 
y Interferon (IFN-*y) 

This is a factor produced by activated T cells; 
10 it is endowed with antiviral properties; it inhibits the 
multiplication of viruses and parasites and causes the 
lysis of infected cells and some tumor cells. 
a Interferon (IFN-o?) 

Produced by T cells and monocytes/ this displays 
15 an antiviral and lytic effect on infected cells. IFN-a 
has been used in immunotherapy against some types of 
cancer, including mesothelium [sic] . 

Naturally, the invention is not limited, as 
regards the choice of insertion sequences which can be 
20 used in adenoviruses according to the invention, to those 
sequences which have been identified above. Nevertheless, 
the latter are illustrative of the palette of possi- 
bilities which are afforded to the therapist, who is 
responsible for making the choice of the most suitable 
25 defective recombinant adenovirus to be used in the light 
of the nature of the tumours to be combated. 

The invention also relates to pharmaceutical 
compositions comprising one or more recombinant vectors 
as described above, in combination with a 
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pharmaceutical^ acceptable vehicle, especially sterile, 
isotonic compositions which can be injected directly into 
the tumors to be treated, or dry, in particular 
lyophilized, compositions which, by the addition of 
5 sterilized water or of physiological saline as the case 
may be, enable solutions which can be injected directly 
into the tumors to be made up or reconstituted. 

Direct injection of non-replicable, modified 
adenoviruses into the tumor affords the advantage, on the 

10 one hand of avoiding diffusion of the recombinant adeno- 
viruses in the general circulation, with the consequent 
side effects liable to be exerted by the cytokines 
expressed in places other than on the sites where the 
manifestation of their action is sought, in this instance 

15 the tumor cells themselves or the cells, in particular 
lymphocytes, which infiltrate them or which are present 
in their immediate proximity. Preferably, the injection 
is carried out at the very least in at least one site of 
the primary tumor. 

20 Neither is the invention limited to administra- 

tion of the recombinant ~ adenoviruses containing the 
sequences coding for the cytokines of the kind in ques- 
tion directly in the tumors. Any other administration 
route permitting access of these recombinant adenoviruses 

25 to the tumor to be treated may be envisaged. In particu- 
lar, use may be made of cells which are compatible with 
the host, for example human fibroblasts, preferably ones 
previously removed from the host him- or herself. 

The invention also relates to cell cultures, for 



example cultured fibroblasts previously infected with 
recombinant nucleic acids, more especially the defective 
adenoviruses defined above. These infected cells, where 
appropriate attenuated or rendered immunologically inert, 
5 for example by irradiation, contribute to the eradication 
of installed tumors when they are injected systemically . 
This injection may be envisaged either alone, or in 
addition to injection directly into the tumor. 

The subject of the invention is also a method for 
10 obtaining the recombinant adenoviruses described above, 
_ which comprises, after the actual step of construction of 

*H a vector by introduction of one or more insertion nucleic 

5 acid(s) into the genome of the initial defective 

adenovirus, a step of transformation of transformable 
M 15 cell lines of higher eukaryotes (in particular of human 

N 8 or animal origin) themselves containing a separate 

O nucleotide sequence capable of complementing the por- 

S tion(s) lacking in the genome of the defective adenovirus 

and without which replication of the latter is prevented, 
20 said separate sequence preferably being incorporated in 
the genome of the cells of said cell line. 

As a preferred example of such cell lines, there 
may be mentioned line 293, a human embryonic kidney line 
which contains, integrated in its genome, the first 
25 eleven percent of the left-hand end of the genome of a 
type 5 adenovirus (Ad5) . This fraction can then comple- 
ment defective recombinant viruses which carry deletions 
of this region. Such a production method is described, 
more especially, in European Patent Application 



No. 0,185,573 of 20/11/85. 

After transformation of these cell lines, the 
defective adenoviruses thus multiplied and produced are 
recovered from the culture medium of the cells of these 
5 lines and purified. 

Further details of the present invention will be 
given in the description which follows of the possi- 
bilities of construction of a recombinant vector 
adenovirus containing at least one sequence coding for a 
10 cytokine, especially a lymphokine . 
I* METHODS 

A) Cells » ™H viniflftfl 

Ad- 5 -trans formed human embryonic kidney cell line 
293 (Graham et al., 1977) was used for the transfection 

15 of DNA as well as for the multiplication and titration of 
adenovirus (Ad) . In effect, cell line 293 complements the 
functions of the genes for E1A and E1B functions and 
permits the replication of defective Ad recombinants. For 
the construction of the recombinant Ad, human Ad5-dl324, 

20 carrying deletions in the El region (3.9-10*5 m.u.) and 
E3 region (78.5-84.3 m.u.) , was used (Shenk and Williams, 
1984) . Cell lines 293, Hela [sic] and Vero were main- 
tained in an Eagle minimum essential culture medium with 
10% of fetal calf serum. 

25 b) Construction of plasmids permitting the expression 
of different cytokines 

The eukaryotic expression vector pMLPIO has been 
described (Ballay et al., 1985). A derivative of this 
vector (pMLP18) was constructed by insertion of a 
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sequence containing different single restriction sites 
downstream of the adenovirus major late promoter. These 
sites thus permit cloning of the different genes coding 
for the chosen cytokines under the control of the viral 
5 promoter. Downstream of this sequence containing these 
single restriction sites, the sequence containing the 
polyadenylation signal of the gene coding for the early 
antigens of SV40 virus were placed. The BglXl j - 

Hindlll fragment of Ad5 is cloned downstream. This 3-Kbp 

10 sequence contains the gene coding for protein XX 

which is necessary for encapsidation of the viral genome 
exceeding 97% of its normal size, and permits subsequent 
in vivo recombination. Sequences coding for the genes for 
the different cytokines are isolated from plasmids 

15 obtained from different teams. These sequences, obtained 
after cleavage by means of different restriction enzymes, 
are introduced into the multiple cloning site of the 
expression vector described above (pMLP-18) . The differ- 
ent plasmids designated pMLP- cytokine (IL-2, IL-4, and 

20 the like) , which are used for obtaining the recombinant 
viruses as described in" the following section, are 
thereby obtained. 

c) TraTiafPction of DKA and isolation of re ^^^^*- 
viruses 

25 The Ad- cytokine defective recombinant adeno- 

viruses were obtained by in vivo recombination between 
the straight fragment of the viral g e n o me previously 
cleaved with the restriction enzyme Cla I and the 
homologous sequence existing on the plasmids 
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pMLP- cytokine described above. The mixture of the frag- 
ment of the viral genome (2*6 m.u. - 100 m.u.), purified 
after cleavage, and of the plasmid linearized with the 
restriction enzyme Cla I or Pvu I is transfected into 
293 cells using the calcium phosphate precipitation 
method (Graham and Van der Eb, 1973) . Cell plagues 
showing a cytopathic effect are isolated 10 days later 
and the virus was amplified in culture . The viral DNA was 
extracted by the Hirt procedure (Graham et al., 1977) and 
the recombinant viruses were identified by mapping with 
restriction enzymes. 

Figure 1 shows diagrammatically a construction of 
this type employing an insertion sequence coding for an 
interleukin (IL-2, XL-4, and the like). 
In this figure: 

"leaders" corresponds to a tripartite leader 

"Del* corresponds to a "deletion" 

Ad dl 324 corresponds to an adenovirus provided with 

the abovementioned "deletions", 
d) Expression of the sequences coding for an expressed 
cytokine 

Hela or Vero cell lines are infected with 

the defective recombinant viruses obtained. Cells effec- 
tively transfected may be characterized essentially by 
means of detection of the activity of the cytokine 
released into their culture medium. Xn the case of IL-I y 
yields capable of reaching from 1 to 2 fig of 
interleukin per 10* cells have been observed. 

Cells infected with an Ad- cytokine recombinant 
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secrete variable amounts of the cytokine into the culture 
medium. Different methods exist for the detection and 
quantification of the cytokines produced* 

1) Quantitative methods; 

- ELISA, using specific antibodies 

- RXA (radioimmunoassay) 

- Western blotting 

2) Qualitative methods (or biotests) : based on 
the biological properties of cytokines 

For example: 

IL-2: Test of proliferation of CTL-L2 cells (CTL- 
L2 cells multiply and are maintained in culture only in 
the presence of IL-2 din the culture medium) 

IL-3 and GM- CSF : Test of proliferation of TF-1 

cells 

IL-4: Test of proliferation of CTL-L2 cells and 
induction of soluble CD23 with certain cells including 
lymphocytes • 

INF-or: Cytotoxicity test on L92-9 cells • 

Neutralization test: The effect of cytokines may 
be blocked by incubating the target cells in the presence 
of cells of specific antibodies. 

Some results obtained with the adenovirus vector 
carrying the IL-2 gene (Ad-IL-2) are described below, 

1) Cells infected in vitro with Ad-IL-2 secrete sig- 
nificant amounts of functional IL-2. 

2) Direct injection of the vector carrying the IL-2 
gene into tumors already established in the animal (the 
tumor diameter at the time of injection is between 4 and 
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7 mm) induces stimulation of the immune system which 
manifests itself in a stabilization of the size of the 
tumor/ and then its regression to the point of complete 
disappearance in 40% to 50% of cases. 

This result may be improved by treating the 
tumors in an earlier phase of its development or by 

using different vectors at the same time, for example 
combination of Ad-IL-2 with Ad- INF and/or Ad-IL-4, 
Ad-GM-CSF, Ad-IL-3 . This combination has to be specified 
according to the type of tumor. 

3} Tumor cells infected in vitro and then injected into 
syngeneic animals or even immunodef icient animals (Nu/Nu 
mice) lose their tumor i genie power (at least up to 80% of 
the animals reject the tumor cells; in other words, the 
tumor cells no longer proliferate in 80% of immunodef ici- 
ent animals injected with these cells* 

4) Animals which have rejected a first injection of 
infected tumor cells are highly immunized and are pro- 
tected against parent (uninfected) tumor cells injected 
at different times and at different places. 

When coinj ected with tumor cells infected in 
vitro , the spleen cells of these immunized animals are, 
furthermore, capable of transferring the antitumor 
immunity to recipient animals. 

It is self-evident that the descriptions of 

constructions of recombinant defective adenoviruses 

envisaged above are in no way limiting in character. 

Other constructions may be produced, in particular 

REPLACEMENT SHEET 
ISA/EP 
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according to the variants also mentioned below as 
examples. 

1) Promote r- pynhanqp 

The adenovirus major late promoter may be 
replaced by other promoters which are ubiquitous but of 
exogenous origin, such as: 

promoter contained in the LTR (long terminal repeat) 
of RSV (Rouse sarcoma virus) 

the promoter of the IE gene of CMV (cytomegalovirus) 
The MMTV (mouse mammary tumor virus) or metallo- 
thionine inducible promoters. 

Similarly, promoters permitting a more specific 
expression restricted to tumor cells, may be used, such 
as, for example: 

the promoter of the rep gene of parvovirus HI. 

The invention also relates to a recombinant 
nucleic acid of the abovementioned type, characterized in 
that the genomic sequence of the adenovirus lacks its 5' 
end region downstream of the early promoter of the E1A 
region of the adenovirus, and in that the sequence coding 
for the cytokine is placed under the control of this 
early promoter* This recombinant nucleic acid may also be 
employed in applications mentioned more especially in 
connection with recombinant DNAs in which the sequence 
coding for the cytokine is placed under the control of 
the adenovirus major late promoter* 

2) Simultaneous expression of several cytokine genes 

3 types of constructions are described: 

REPLACEMENT SHEET 
ISA/EP 
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the cytokine genes are under the control of two 
promoters which are either identical or different (MLP 
and RSV, for example) and are located following one 
another* 

the cytokine genes are under the control of separate 
promoters cloned into separate regions of the virus ♦ 
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CLAIMS 

1. Recombinant nucleic acid containing, on the one 

hand a genomic sequence of an adenovirus which is defect- 
ive in that it lacks the sequences needed for its repli- 
5 cation, but which nevertheless contains those sequences 
which, in this genome, are the carrier of the genetic 
information needed for the corresponding adenovirus to 
enter the cells which the latter is capable of infecting, 
as well as the set of essential sequences needed for 

10 encapsidation of this adenovirus, and on the other hand 
an insert containing a nucleic acid sequence coding for 
a cytokine, this insert being under the control of a 
promoter present in or previously inserted into the 
. abovemen t i oned genomic sequence. 

15 2. Recombinant nucleic acid according to claim 1, 

characterized in that it lacks the transactivators E1A 
and E1B and, where appropriate, the E3 region of the 
adenovirus . 

3. Recombinant nucleic acid according to claim 1, 

20 characterized in that the genomic sequence of the 
adenovirus lacks its 5' end region downstream of the 
early promoter of the E1A region of the adenovirus, and 
in that sequence coding for the cytokine is placed under 
the control of this early promoter. 
25 4. Recombinant nucleic acid according to claim 1 or 

claim 2 , characterized in that the sequence coding for 
the cytokine is placed under the control of an adenovirus 
late promoter. 

5. Recombinant nucleic acid according to claim 1, 
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characterized in that the genomic sequence of the 
adenovirus is provided with a promoter foreign to the 
adenovirus genome, and in that the sequence coding for 
the cytokine is placed under the control of this foreign 
5 promoter* 

6 . Recombinant nucleic acid, characterized, either 

in that the insert contains sequences coding for several 
cytokines, or in that it contains separate inserts 
placed, respectively, under the control of separate 
10 promoters, which are also separate. 

7* Defective adenovirus, characterized in that it 

contains recombinant nucleic acid according to any one of 
claims 1 to 6. 

8* Culture of cells, in particular of human origin, 

15 characterized in that they are infected with the 
adenovirus according to claim 7. 

9 . Pharmaceutical composition containing the recom- 
binant adenovirus according to claim 7, in combination 
with a pharmaceutically acce p table vehicle, in particu- 

20 lar. 

10 . Use of the recombinant adenovirus according to 
claim 7 for the preparation of antitumor drugs, prefer- 
ably in a form which can be injected directly into a 
tumor of the host. 

25 11* Pharmaceutical composition containing cells 

according to claim 8, preferably human cells, in a state 
allowing them to be injected into humans* 
12 * Method for the production of recombinant 

defective adenoviruses according to claim 7, 
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characterized by the transformation of trans f ormab 1 e cell 
lines of higher eukaryotes {in particular of human or 
animal origin) themselves containing a separate 
nucleotide sequence capable of complementing the portion 
of the adenovirus genome which is lacking in the 
adenovirus and which would be essential for its repli- 
cation, said separate sequence preferably being incorpo- 
rated into the genome of the cells of said cell line, and 
in that the defective recombinant adenoviruses produced 
are recovered from the culture medium of the cells of 
said cell lines* 

13. Method according to claim 12, characterized in 

that the genome of the defective adenoviruses lacks its 
5' end region, and in that the cell line is a human 
embryonic kidney line such as line 293 which contains, 
integrated in its genome, a 5' end region of the genome 
of a type 5 adenovirus (Ad5) and having a size corre- 
sponding to approximately 11% of that of the whole genome 
of this adenovirus . 



Abstract 



Recombinant nucleic acid for use in 
the production of a defective adenovirus con- 
1^3 ^Jgjj taining an inserted sequence coding for a cyt- 
: &M^W$\ okine under the control of a promotor in the 
^ v - genomic sequence of the recombinant aden- 
ovirus. Said recombinant adenovirus is useful 
in the preparation of anti-tumoral drugs cap- 
able of being directly injected into the tumour 
of the host. 
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li, do hereby declare and state the following: 



t.) That i have received an Engineer Diploma in Biotechho'togy in 1965 from 
tHi: appears School of Biotechnology of the Upper Rhine: fcejgion, Stasbbujg, 
Ffinjee.. In 1988, 1 received a Ph.D. in Molecular Biology at the hstitute of Wolecuiar 
Qtfft^qs attheUniversity of Strast>ourg in France. ' i ■ 

v i • ■ ■ I | 

1 ! i 2.) in 1964 f worked for three months at Roche in the laboratory of Dr. R. 
TWsji and in 1985 I worked nine months at Rhone-Merieux in (.yon, Franca in the 
IsSH^tOty of Dr. G. Chappuis. I have been employed at Transg&ne S.A. since 1986 
am i currently head the Gene Therapy Department at Trartsg^ne SA Enclosed, 
p.f$a*e s SNTd a copy of my Curriculum vitae. 



; j ;•$>)• f have read and understood the above-captioned patent application, as 
wi$i *s-the pending claims of record. I have also read and understood the latest 
Offlcffiri Action issued by the U.S. Patent and Trademark Office on February 3, 1906. 
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It Is my; gndf rstanding that Claims 1 and 3 to 8 were rejectee 
103(a) -as being unpatentable over Rosenfelcf et ai taken with 
a) and Stratford-Pemcaudet et al. ft is my understanding that 
that the. claims of record were obvious to the skilled scientist 
are combirreci. 



under 35 U S.C, § 
ifcusseli, Ramshayet 
this rejection meains 
when their teachings 



4 ) t have reviewed the publications of Rosenfeld et al, 
aJ and Stratford-Perricfludet et al that were cited in the above-mentioned 
Action. : it is my opinion that a skilled scientist would not 
cpholusions as the Examiner has for the following reasons. 



/ 5,) First of all, as l understand, the present invention relates to a defective 
aderrowal vector and an insert containing a nucleic acid sequence coding for a : 
cytokine: ' The defective adenoviral vector lacks the transactivators E1A, E1 Bland 
tr)e C3. region of tha adenovirus. The defective adenoviral vector can be used to 
treat twiHors.. Although it was known prior to the filing of t lis application ithat 
cytokine* hava been used to treat tumors with some success via systemic injection. 
Side- effects such as fever, fluid retention and life-threatening vascular teak 
syrttdr^eriei oftbrt resulted due to the high dosage given to the! patient which jwa$= 
needecii^ treat the tumors. To solve this problem use of a different type of de%ery 



Russell, RamehaW et 
Official 
come to the ea#& 



sys$em;iwas necessary, for making the tumor ceil a source of 
without severe toxicity. 



cytokine production. 



&,). Prior to the filing date of the present application, 
March Jft 1992, many vector systems were available for use. to 
Thi different vector systems available then included vaccinia 
I, r«rov^Bj vectors, herpes virus, bacterial vectors, human parbv 
• humar) MV and H1, as well as the mouse vector MVM pi 
: adenoviral vectors. However, to the best of my knowledge 
gu&a<tc$:giv§n to the skilled scientists to make a particular 
known vectors to treat cancerous tumors. In fact, among the 
; there were often problems associated with their use. This, 
: raViewadf ln the Russeii reference, which is discussed below. 



wltoch I understand is 
the skiited scieritfrt, 
vinjis.; pox virus, HTty- 
rus vectors such as 
synthetic vectors jand 
thir© was no precise 
selection among; the 
various known vectors 
was for example, 



. ' : -. 7.) It is my opinion that from the teachings of Russell, a skilled scientist would 
gtesn that this reference teaches against using a defective recombinant vector dye 
to th$ problems associated with access by defective vectors tcj poorly vascularized 
turgor regions. This is clear from the teachings at page 198, firsj column; 

' . Moreover, Russell recognizes the need to develop suitable vectors for gene 
deijvery and expression, since in 1990 there were problems (associated with the 
vector systems. However, there is no teaching in Russell corjcerning what vector 
systems would in fact work. The only guidance given to th4 skilled scientist in 
Rt$Sj9tf was the recognition that competent viral vectors shoijld be chosen since 
they could facilitate infection of a higher proportion of tumor cef!$. 

• • i 

; &). Ramshaw et al disclose a variety of vaccine vector systems such as. 
PQffvfcus, ywdnia vji ifc , herpes virus, adenovirus or bacteria in Which a. nucleic acid 
erttodiflg. a lymphokine is disclosed. The vaccine vector systelns described in this 
reference are competent and thus viable vectors. The reason jwhy Ramshaw et al 
tee the use of viable vectors is to enhance the immune response to the antigenic 
polypeptide that is expressed, which can be a "native" sequence of the host vector 
Itself Therefore, the skilled scientist would not use defective vectors to accomplish . 
the:f*a#*ngs of Ramshaw etal. j 

i Moreover, the Examples dearly demonstrate that vacjunta virus was the 
vector of choice; Although Example 4 illustrates a competent adenoviral vector only 
lacking the E3 region it appears that this example is a mere afterthought; 

i • , 

"■ ;: 9 ) It is my understanding that the Examiner has relied jon the teachings of 
Rdfe^d et al to encourage the use of adenoviral vectors in jwhich the entire 61 
re$0fl can be removed.. More specifically, the Examiner deems that following 
teaching in Rosenfeld would encourage a skilled scientist to delejte the E1 region: 

Most human adults have antibodies to one of the; three serogroup C 
. adenoviruses to which Ad5 belongs (5). This implies little risk to those 

. 1 t 



ru 



working with these vectors but may have negate implications for the 



virus as a gene transfer vector in the human lung: 



encountered alteration in the vector construct may be helpful. 



NeWver, this paragraph cannot be interpreted as meaning that ihe 
. be dieted Indeed, this paragraph means that most human ac ufts 
to ; a^wtovif!UBe8 and hence repeated administration of the adenoviral 
refeiffift 4he antibodies "killing" the administered adenovirus 
to ■efjestive.- tf tnie is the case, one would have to alter the 
: antibodies would not recognize the surface of the virus or the 
.ntagtNt the £1 region is not within the capsid. 



and 



if such problems are 



E1 region should- 
have antibodies 
vector! mjy 
therapy would not 
vector such that the 
isapsid. It should be 



tyor&ovar, the entire £18 region in the construct of 
/rnatfl^iad, as weH ss the 3' part of the E1 A coding region from 



Kosenfeld at al is 
m to 1540 bp. 



■ ! . t : Thus, it is my opinion that a skilled scientist would not 
the Bi^ and 61 B regions from the teachings of Rosenfeld 
referenoe' relates to defective gene therapy and not to 
distsij**$e: fnoreaextenslvely under point 11 below. 



be guided to remove 
gt al. Moreover, this 
tumors which is 



threat 



.: Stratford-Perricaudet et al teach the use of defeeiivj* 
fors&tettive deiivery to certain tissues. It is clear to the skilled, 
pubtigatfbn: is a; general overview of the promising aspects of 
ccrwfeucu for use in certain gene therapies such as OTC 
dfiffu&naes directed to therapy of genetic diseases, which 
fu«c&jf*fo vivo. 
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skilled' scientist would not know from reading this reference 
vector: can be used to treat cancerous tumors, since Stratford-Pe'rrioaudet 
reptfoel^ gene therapy. 



ft.) .Ciancer therapy is totally different from therapy that 
gflHTt. JrOr example, recombinant cytokines were known to have 
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and other enzyme 
Restores a defective 
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very short haiNffe. 
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hi vjvo resufting in the necessity for continuous infusions of regular injections. The 
same is not true for many replacement therapies. 

Secondly, local delivery of cytokines, and especially. IL-2 had added 
difficulties of access to tumor deposits and is totally inadequate for occult metastic 
disease. This is a different situation from replacement gene. therapies where certain 
tissues such as the- lung lacking a-1 AT, for example, could be targeted. 

Thirdly; adenoviral vectors were known to be quK«i immunogenic; I.e., 
RofenfeW et al recognized this problem. Although this immunogenicity may be a 
disadvantage for some gene therapies, it is beneficial for immunotherapy since this 
irwiiMnogenlcity will limit the duration of cytokine expression ind provide adjacent 
stfrflutous for the development of antitumor immunity. 

In conclusion, it is my opinion that gene therapy to threat tumors is different 
from gene ifrerapy to correct a deficient gene. Thus, a skilled scientist would; not 
neosessary interchange a "delivery system" for gene therapy of genetic diseases and 
carisser therapy without some suggestion or guidance given in the scientific literature 
traits is feasible. ' 

• 12). I further declare that ail statements made herein <k my knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment,, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful falsa 
statements may jeopardize the validity of this application or any patent issuing 
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